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© Vehicle clutch control system. 

® A system for controlling the clutch of an auto- 
motive vehicle includes clutch engagement amount 
deciding means for deciding an amount of clutch 
engagement based on the braking force applied by a 
brake device. A clutch actuator is controlled based 
on the amount of clutch engagement decided by the 
deciding means, so that the vehicle can be made to 
travel at very low velocity merely by operating a 
brake pedal. A 
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VEHICLE CLUTCH CONTROL SYSTEM 



V.; 



This invention relates to a control system for a 
clutch disposed between an engine and a transmis- 
sion mounted on an automotive vehicle. 

In order to facilitate the driving of automotive 
vehicles, automatic transmissions have been devel- 
oped and put into use in which a conventional 
friction clutch or counter-shaft gear-type transmis- 
sion is utilized and engagement/disengagement of 
the friction clutch or a speed change in the trans- 
mission is controlled by an electronic control unit 
using a microcomputer. 

A control system which decides a target posi- 
tion of an amount of clutch engagement in an 
automatic transmission using such an electronic 
control unit has been disclosed in the specification 
of Japanese Patent Application Laid-Open (KOKAI) 
No. 63-61644 and includes a load sensor for sens- 
ing engine throttle opening, an engine rotation sen- 
sor for sensing the rotational speed (rpm) of the 
engine, an input shaft rotation sensor for sensing 
the rotational speed of the input shaft of a trans- 
mission, and a clutch actuator which controls the 
engagement of a friction clutch, wherein maps as- 
sociated with these three sensors are retrieved 
based on signals from the sensors serving as in- 
formation indicative of the vehicle load, the cor- 
responding amount of clutch engagement is ob- 
tained and the clutch actuator is driven accordingly. 

When a vehicle equipped with an automatic 
transmission for controlling a disk clutch in accor- 
dance with the foregoing proposal is parked in a lot 
or at a curb, the friction clutch will not grip. For this 
reason, the vehicle is controlled at very low velocity 
by stepping down on the accelerator pedal and foot 
brake in very small amounts. When a load is car- 
ried in and out by a truck or the like, it is neces- 
sary for the truck to make small movements on the 
order of several centimeters relative to a loading 
platform. In such case the driver must quickly, 
alternate between the accelerator pedal and brake 
pedal. If there is a delay In switching from one 
pedal to the other, the vehicle may contact the 
platform or some obstruction and sustain damage. 

An object of the present invention is to provide 
a vehicle clutch control system with which an auto- 
motive vehicle can be made to travel easily and 
smoothly at very low velocity by manipulating sole- 
ly a brake pedai. 

In accordance with the present invention, the 
foregoing object is attained by providing a vehicle 
clutch control system having an engine mounted in 
a vehicle, a transmission, a clutch disposed be- 
tw en the engine and the transmission, and a 
brake d vice for causing a braking force to act 
upon wheels of the vehicle, the system comprising 



a clutch actuator for engaging and disengaging the 
clutch, means for detecting the braking force of a 
braking operation, clutch engagement deciding 
means for deciding an amount of clutch engage- 
5 ment based on the braking force of the brake 
device, and means for controlling the clutch ac- 
tuator based on the amount of clutch engagement 
decided by the clutch engagement deciding 
means. 

70 Other features and advantages of the present 

invention will be apparent from the following de- 
scription taken in conjunction with the accompany- 
ing drawings, in which like reference characters 
designate the same or similar parts throughout the 
75 figures thereof. 

Fig. 1 is a block diagram showing an em- 
bodiment of a vehicle clutch control system ac- 
cording to the present invention; 

Figs. 2(a), (b) and <c) are diagrams for de- 
20 scribing control maps for setting the amount of 
engagement of a clutch when an automotive ve- 
hicle is traveling in an ordinary manner; 

Figs. 2(d), (e), (f) and (g) are diagrams for 
describing control maps, which are used in the 
25 present invention, for setting the amount of en- 
gagement of a clutch when an automotive vehicle 
is traveling at very low velocity; . 

Fig. 3 is a processing flowchart illustrating an 
example of control performed by the vehicle clutch 
30 control system of the present invention; 

Fig. 4(h) is a diagram for describing another 
example of a control map, used in the present 
invention, for setting an amount of clutch engage- 
ment when an automotive vehicle is traveling at 
35 very low velocity; 

Figs. 4(i), (j) are diagrams for describing 
control maps for setting corrective values of the 
amount of clutch engagement; and 

Fig 5 is a processing flowchart illustrating 
40 another example of control performed by the ve- 
hicle clutch control system of the present invention. 

An embodiment of a valve control system is an 
internal combustion engine in accordance with the 
present invention will now be described in detail 
45 with reference to the drawings. 

Fig. 1 is a block diagram showing an embodi- 
ment of a vehicle clutch control system according 
to the present invention. 

In Rg. 1, numeral 1 denotes an internal com- 
50 bustion engine mounted in an automotive vehicle 
for burning fuel to produce a driving force by the 
combustion energy. Num rai 1 1 denotes an engin 
actuator for actuating a fuel injection pump or throt- 
tle valve serving as means f r supplying fuel to the 
engine 1. Numeral 12 denotes a throttle opening 
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s nsor for sensing th actuation position of the 
engine actuator 11, and 13 an engine rotation sen- 
sor for sensing the rotational speed of th engin 
1. These sensors supply th ir output signals to a 
controller 5, described below. 

Numeral 2 denotes a friction clutch, such as a 
dry-type, single-disk clutch, which transmits the 
driving torque of the engine to a transmission 3. 
Engagement/disengagement of the clutch for trans- 
mitting and interrupting the driving torque is con- 
trolled by a clutch actuator 21 . Numeral 22 denotes 
a clutch stroke sensor for sensing the engaging - 
state of the clutch 2 by sensing the actuation 
position of the clutch actuator 21. The output of the 
clutch stroke sensor 22 is delivered to the control- 
ler 5. 

The transmission 3 is constituted by a counter- 
shaft gear-type transmission and is adapted to ap- 
ply shift control to each gear stage by a shift 
actuator 31. Numeral 33 denotes an input shaft 
rotation sensor for sensing the rotational speed of 
the input shaft of the transmission 3, 35 a vehicle 
velocity sensor for sensing the rotational speed of 
an output shaft 32 of the transmission 3, and 34 a 
gear stage sensor attached to the shift actuator 31 
for sensing the gear stage of the transmission 3. 
The outputs of these sensors are delivered to the 
controller 5. 

Numeral 41 denotes an accelerator sensor for 
sensing the amount of depression of the accelera- 
tor pedal, 42 a brake sensor for sensing the 
amount of depression of the foot brake, 43 a park- 
ing brake switch for sensing operation of the park- 
ing brake, and 44 a selection switch for sensing the 
selection position (e.g., the D range. I, II, 111 ranges 
and Reverse range) of a select lever. The outputs 
of these sensors and switches are applied to the 
controller 5. 

Numeral 6 denotes a brake device for applying 
braking force to a wheel of the vehicle! and nu- 
meral 61 designates a braking force maintaining 
device (for example, see USP 4,618,040) arranged 
in the hydraulic circuit of the brake device 6. In 
order for braking force to be maintained when the 
brake pedal is depressed to actuate the brake 
device and stop the vehicle, the braking force 
maintaining device 61 responds to a command 
from the controller 5 by actuating an electromag- 
netic check valve arranged in the brake hydraulic 
circuit. When the accelerator pedal is depressed to 
propel the vehicle forward and the clutch attains a 
prescribed state of engagement, the braking force 
maintaining device 61 responds to a command 
from the controller 5 by deactuating the electro- 
magnetic check valve to release the braking force. 
Thus the device 61 is used as means for aiding 
forward propulsion of th vehicle on an upgrade. 
^ Numeral 7 denotes a I ad status switch for 



setting the status of a load carried by the vehicle. 
The switch 7 is provided at the driver's seat and is 
changed over by the driver depending upon wheth- 
er the v hicl d is loaded or empty. The swtich 7 is 

s connected to an input port on the controller 5. 

Numeral 8 denotes a gradient sensor mounted 
on the vehicle body to detect the slope of the road 
surface on which the vehicle is traveling. Numeral 9 
designates a creep adjusting device mounted at 

70 the driver's seat. This device is adjusted by the 
driver to set a desired creep strength when the 
vehicle creeps in the half-clutch state. The device 
can be used also to turn off the creep function. The 
outputs of the gradient sensor 8 and creep adjust- 

15 ing device 9 are applied to the controller 5. The 
creep adjusting device 9 can employ a 
poteniometer-type variable resistor and need not 
be the multiple-stage switch shown in Rg. 1 . ■ 

The controller 5 is constituted by a microcom- 

20 puter and has a central controller for performing 
processing, various memories for storing process- 
ing procedures, control procedures and control 
maps, described below, and an input/output port. 
When signals arrive from the aforementioned sen- 

25 sors and switches, the controller 5 sends com- 
mands to the associated actuators and the like in 
accordance with results obtained from the stored 
procedures, thereby controlling the clutch 2, trans- 
mission 3, brake device, etc. 

30 Figs. 2(a) through (g) show various maps 

stored in the memory of the controller 5. Figs. 2<a) 
through (c) are maps for setting the amount of 
clutch engagement during ordinary travel of the 
vehicle, in which (a) is for setting the relation be- 

35 tween throttle opening and clutch engagement 
amount A, (b) is for setting the relation between 
engine rpm and clutch engagement amount B, and 
(c) is for setting the relation between input shaft 
rpm and clutch engagement amount C. Figs. 2(d) 

40 through (g) are maps for vehicle travel at very low 
velocity. These are for setting the relation between 
braking force, namely the amount of brake pedal 
depression, and clutch engagement amount D at 
each gear speed of the transmission. Rg. 2(d) is 

45 for setting clutch engagement amount D in reverse 
gear, (e) in first gear, (f) in second gear, and (g) in 
third gear. The map for first gear in Rg. 2(e) is 
used when the vehicle is in the loaded state or 
traveling on an upgrade. Clutch engagement starts 

so when the braking force of the brake is high, namely 
when the brake pedal is returned slightly from the 
full-stroke position. Driving force also is large owing 
to the low-speed gear, and the amount of clutch 
engagement is large in. comparison with the second 

55 and third gears. There are cases where the map for 
reverse gear in Rg. 2(d), similar to that described 
above, also is used in a state where the driving 
force is large and the vehicle is earring a load. 
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Accordingly, the clutch starts to be engaged when 
th brak p dal is return d slightly from th full- 
stroke position; 

(f) The map for second speed shown in Fig. 2- 
(f) is used on levei road surfaces regardless of 
whether the vehicle is or is not carrying a load. 
Sinca a large driving force is unnecessary, the 
clutch starts to be engaged after the brake pedal is 
returned a considerable amount. The vehicle 
creeps forward even when the amount of clutch 
engagement becomes small. The map for third 
gear shown in Fig. 2(g) is hardly ever used for 
parking since speed develops owing to the gear 
ratio. "Riis map can be employed when the vehicle 
rs traveling unloaded or on a downgrade. 

The maps for each of these gear speeds 
shown in Figs. 2(d) through (g) are such that driv- 
ing force differs depending upon each gear ratio. 
Therefore, srnce the driving force is smaller for 
third gear than for first gear, by way of example, 
the" engine will stall or the time for slip between the 
engine flywheel (drive-shaft side) and clutch-driven 
plate (driven-slde) will be prolonged if the amount 
of clutch engagement is made large. Consequently, 
the clutch-driven plate tends to sustain abnormal 
wear, or thermal deformation, and velocity during 
creep rises in the half-clutch state. In a gear speed 
where driving force is small, therefore, the amount 
of clutch engagement is made small. 

Fig. 3 is a processing flowchart illustrating an 
example of operation according to the present em- 
bodiment The operation of this embodiment will 
now be described based on Fig. 3. 

Rrst, as step S1, the controller 5 determines, in 
accordance with a signal from the accelerator sen- 
sor 41, whether the accelerator pedal is being 
depressed. When it is determined that the accel- 
erator pedal is being depressed, this means that 
the vehicle is traveling in the ordinary manner, and 
processing proceeds to step S2. Here the control- 
ler reads in the throttle opening signal from the 
throttle opening sensor 12 provided on the engine 
actuator 11 and determines, by retrieving the map 
(a) stored in memory, the clutch engagement 
amount A corresponding to the throttle opening. 
The program then proceeds to step S3. 

At step S3 the controller reads in the rpm 
signal signal from the engine rotation sensor 13 
and determines, by retrieving the map (b), the 
clutch engagement amount B corresponding to this 
rotational speed. At step S4 the controller reads in 
the rpm signal signal from the input shaft rotation 
sensor 33 and determines, by retrieving the map 
(c). the clutch engagement amount C correspond- 
ing; to this rotational speed. The program then 
proceeds to step S5. 

Th clutch ngagement amounts A, B, C ob- 
tained respectively at the steps S2, S3, S4 are 



added at step S5 to compute and decide a clutch 
ngagement amount X - A+B + C. Next, the con- 
troller 5 proceeds to step S18 to control the clutch 
actuator 21 in such a manner that the clutch en- 
s gagement amount X decided at step S5 will be 
achieved. 

If it is decided at step SI that the accelerator 
pedal is not being depressed, then the program 
proceeds to step S6, which is the beginning of flow 

10 for controlling travel finely at very low velocity. The 
controller 5 determines at step S6, based on the 
signal from the braking force maintaining device 
61, whether maintenance of braking force is in 
effect If braking is being maintained, the clutch 

is engagement amount D is made zero at step S17. If 
it is found at step S6 that braking force is not being 
maintained, then the signal from the parking brake 
switch 43 is checked at step S7. The program 
proceeds to step S17 if the parking brake is in 

20 operation. If the parking brake is found not to be in 
operation at step S7, the program proceeds to step 
S8. Since the- setting of the clutch engagement 
amount D versus braking force differs with each 
gear speed of the transmission, the gear speed 

25 signals from the gear speed sensors 34 are read 
in. 

If the gear speed signal is indicative of reverse 
(Rev.), the program proceeds from step S8 to step 
S12, where the map (d) for reverse is retrieved to 

30 obtain the clutch engagement amount D corre- 
sponding to the braking force from the brake sen- 
sor 42. If the gear speed signal is indicative of first 
gear (1st), then the program proceeds from step 
S9 to step S13, where the map (e) for first gear is 

35 retrieved to obtain the clutch engagement amount 
D corresponding to the braking force. If the gear 
speed signal is indicative of second gear (2nd), 
then the program proceeds from step S10 to step 
S14, where the map (f) for second gear is retrieved 

40 to obtain the clutch engagement amount D cor- 
responding to the braking force. If the gear speed 
signal is indicative of third gear (3rd), then the 
program proceeds from step S11 to step S14, 
where the map (g) for third gear is retrieved to 

45 obtain the clutch engagement amount D corre- 
sponding to the braking force. Thus, the clutch 
engagement amount D, which differs depending 
upon the transmission speed, is obtained. 

At step S16, the clutch engagement amount D 

so obtained through steps S12 - S15 is decided as the 
clutch engagement amount X f after which the pro- 
gram proceeds to step S18, where the clutch ac- 
tuator is controlled in such a manner that the clutch 
engagement amount S is achieved. 

55 In accordance with this embodiment as set 

forth above, the arrangement is such that when the 
vehicle travels at v ry low velocity, ultra-low v - 
locity control is performed merely be controlling 
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the amount by which the brake pedaJ is depressed. 
As a result, driving along a very narrow road, 
parking and approaching a loading platform can 
readily be performed through a simple operation. 

Further, in accordance with the embodiment, 
the clutch engagement amount with respect to 
braking force is set for each and every gear speed. 
Therefore, since the amount of clutch engagement 
corresponds to driving force, smooth' travel at very 
low velocity can be achieved and abnormal wear of 
the clutch-driven plate can be prevented. 

Fig. 4 illustrates maps (h) - (j) used in another 
embodiment of the present invention, in which (h) 
is for setting the relation between driving force and 
a clutch engagement amount d' and applies to 
maps (d) through (g) described earlier, (i) is for 
setting a corrective value of clutch engagement 
amount to take road surface gradient into account, 
and Q) is for setting a corrective value of clutch 
engagement amount with regard to a creep adjust- 
ing device, which is for adjusting creep strength. 
These maps are stored in the memory of the 
controller 5. 

Fig. 5 is a processing flowchart illustrating an- 
other example of operation according to the 
present embodiment The operation of this embodi- 
ment will now be described based on Rg. 5. 

Steps P1 through p5 are for when the vehicle 
is traveling in an ordinary manner, just as in steps 
Si through S5 of Rg. 3- Therefore, in accordance 
with the signals from the throttle opening sensor 
12, engine rotation sensor 13 and input shaft rota- 
tion sensor 33, the maps (a) through (c) are re- 
trieved to obtain the clutch engagement amounts 
A, B, C, and the clutch engagement amount x' = 
A + B + C is computed and decided. 

Next, at step P6. a flag is cleared if the flag 
has been set, and the program proceeds to step 
P24. The clutch actuator controlled in such a man- 
ner that the clutch engagement amount x' decided 
at step P5 is achieved. 

If it is determined at step P1 that the accelera- 
tor pedal is not being depressed, then the program 
proceeds to step P7, which is the beginning of flow 
for controlling travel finely at very low velocity. The 
controller 5 determines at step P7. based on the 
status of the braking force maintaining device 61, 
whether maintenance of braking force is in effect. If 
braking force is not being maintained, the parking 
brake is found not to be in operation at step P8 
and the creep adjusting device 9 is found at step 
P9 not to be set in the off position, then parking 
brake switch is checked at step P10. When YES 
answer is received at step P7, P8 or P9, the 
program proceeds to step P23, where the clutch 
engagement amount d' is made zero. 

The program proceeds to step P12 when the 
parking brake is found to be released at step P10 



based on a signal from the parking brake switch 
43, or when it is found at st p P11, based on a 
signal from the selection switch 44, that the trans- 
mission gear speed is changed from neutral (a 

5 gear at which no travel takes place) to a travel 
gear. At step P12. a flag for prohibiting creep (half 
clutch) at the time of brake release is controlled 
and set (to inhibit creep). The reason for this is that 
when the parking brake is suddenly released or the 

w select lever operated, the controller cannot deter- 
mine whether the driver wishes to begin traveling 
immediately or is preparing to do so. Thus, this 
step prevents the vehicle from lurching forward 
unexpectedly. 

75 If NO answers are obtained at both steps P10 

and P11, or after the flag has been set at step p12, 
the program proceeds to step p13, at which the 
controller checks the amount of brake pedal de- 
pression based on the signal from the brake sensor 

20 42. If the braking force (the amount of brake pedal 
depression) does not exceed a set value p.e., if the 
braking force is insufficient), the program proceeds 
to step P15. If the brake pedal is found to be 
pressed sufficiently at step P13, the flag is cleared 

25 at step P14 (creep is allowed) and the program 
proceeds to step P15. 

It is determined at this step whether the flag 
has been set, If the flag has been set, the program 
proceeds to step P23 to make the clutch engage- 

30 ment amount d' zero. If the flag has not been set, 
the program proceeds to the flow from step P16 
onward. 

The signal from the brake sensor 42 is read in 
and the map of Rg. 4(h) is retrieved at step P16 to 

35 obtain the clutch engagement amount d'. This is 
followed by step P17, at which the signal from the 
gradient sensor 8 is read in and the map (i) re- 
trieved to obtain a corrective value E of clutch 
engagement amount with respect to road surface 

40 slope. Then, at step p18, the signal from the creep 
adjusting device 9 is read in and the map (j) is 
retrieved to obtain a corrective value F of clutch 
engagement amount with respect to the set amount 
of creep. 

45 Next at step PI 9, the signal from the load 

status switch 7 is checked. If the vehicle is not 
carrying a load, a corrective value G of the clutch 
engagement amount Is made a preset value I. If 
the vehicle is carrying a load the corrective value G 

so is made a set value II (steps P20, P21 ). 

This is followed by step P22, at which a clutch 
engagement amount x' = A + B + C + DxExFxG is 
obtained from the clutch engagement amount D 
obtained at step P16 and the corrective values E, 

55 F, and G obtained at steps P17, P18 and P19. 

The clutch actuator 21 is controlled so as to 
achieve the obtained clutch engagement amount 
x', and the vehicle is make to travel at very low 
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velocity in the haTf-clutch state. 

In aceordanc with the present embodiment as 
set forth above, travel at very low velocity can be 
achieved with ease merely by controlling the 
amount of brake pedal depression, and the amount 
of clutch engagement can be corrected in depen- 
dence upon the state of the road surface of which 
the vehicle is situated, the desired amount of ad- 
justment set by the creep adjusting device, and the 
state of the vehicle load. This makes smooth travel 
at very low velocities possible. 

As many apparently widely different embodi- 
ments of the present invention can be made with- 
out departing from the spirit and scope thereof, it is 
to be understood that the invention is not limited to 
the specific embodiments thereof except as de- 
fined in the appended cfaims. 



Claims 

.1. A vehicle clutch control system having an 
engine mounted in an automotive vehicle, a trans- 
mission, a clutch disposed between, the engine and 
the transmission, and a brake device for causing a 
braking force to act upon wheels of the vehicle, the 
system comprising: 

a clutch actuator for engaging and disengaging 
said clutch; 

means for detecting the braking force applies by 
said braking operation; 

clutch engagement deciding means for deciding an 
amount of clutch engagement based on the braking 
force applies by said brake device; and 
means for controlling said clutch actuator based on 
the amount of clutch engagement decided by said 
clutch engagement deciding means. 

2. The control system according to claim t, 
further comprising gear speed detecting means for 
detecting an operating gear speed of the transmis- 
sion, wherein said clutch engagement amount de- 
ciding means_has control maps for setting a clutch 
engagement amount corresponding to a braking 
force for each gear speed, with the clutch engage- 
ment amount being set based on a control map of 
a gear speed detected by said gear speed detect- 
ing means. 

3. The control system accordng to claim 1, 
further comprising road gradient detecting means 
for detecting the gradient of a road surface on 
which the vehicle is situated, wherein said clutch 
engagement amount deciding means has means 
for setting a corrective value corresponding to the 
gradient of the road surface, with a clutch engage- 
m nt amount set based on braking fore being 
corrected by a corrective value corresponding to 
the road surface gradient det cted by said road 
gradi nt det cting means. 



4. The control system according to claim 1, 
further comprising cr ep adjusting means for ad- 
justing amount of creep, wherein said clutch en- 
gagement amount deciding means has means for 

s setting a corrective value corresponding to a set 
creep amount, with a clutch engagement amount 
set based on braking force being corrected by a 
corrective value corresponding to a signal from 
said creep adjusting means. 

io 5. The control system according to claim 1 , 

further comprising load status setting means for 
setting the status of a load on the vehicle, wherein 
said clutch engagement amount deciding means 
has means for setting a corrective value corre- 

16 sponding to the status of a load, with a clutch 
engagement amount set based on braking force 
being corrected by a corrective value correspond- 
ing to a signal from said load status setting means. 

20 
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